A. Introduction.
ed against the hypothesis of v. Br unn and said further that it may have something to do with the determination of sex, as be thought both types of spermatozoa exist in the same quantity (" Die oligopyrenen Spermien von Paludina and die apyrenen von Pygaera werden massenhaft, sic her in gleicher Menge, wie die eupyrenen Spermien, produziert." p. 75). After Meves there appeared several opinions bearing on sex-determination in the Viviparus. Goldschimidt (1911) thought that a typical spermatozoon invariably enters the egg. When the atypical spermatozoon enters in addition, the egg receives more trophochromatic substance (plastosomes) which develops into females than when fertilization is effected with only typical spermatozoon, in which case only male is produced. R. Hertwig (1912) thought that the typical spermatozoon produces female and the' atypical male. Kern n it z (1914) also strongly believed in sex determination by the alternative fertilization of typical and atypical spermatozoa. To support his view he assumed that individuals which developed with the atypical spermatozoa produce germ cells which make only one maturation division, while individuals which developed with the typical produce germ cells which make two maturation divisions as usual.
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Bearing in mind various species of Prosobranchiata some regard recently the atypical spematozoa as degeneration products (Gr t en by (1917) , Goldschimidt (1920) , Gutherz (1926) ), while others regard them as indications of ovogenesis (An k e I, 1930) . But so for as the thought remains that the typical and stypical are produced in the same quantity in Viviparus, the idea of sex determination by alternative fertilization will never disappear at least in Viviparus. Therefore to know the numerical ratio of atypical to typical spermatozoa in Vivi-. parus is rather essential if we are to judge the .value of the sex determination hypothesis in this animal group. Moreover, to study comparatively the numerical ratio of atypical to typical spermatozoa in various Prosobranchiata is quite important if one is to understand the real nature') of the atypical spermatozoa. No one so far as the literature on the subject goes has counted the number of typical and atypical spermatozoa. I attempted the task using the grated slide (haemocytometer of Thoma) . 
B. Methods.
The method of counting is somewhat different according to the different groups of animals. I describe first the method adopted for Viviparus, Planaxis, Thiara, " Cerithiu m ", Tonna, Murex and Fusinus.
I cut a whole testis in a watch glass into small pieces and then squeezed the small pieces with a pincette. Adding to it Ringer's solution or sea water, I made a sperm solution of appropriate concentration. With the content of was deferens I only had to dilute it with the medium above-mentioned.
1 put a drop of the sperm solution on the grated slide and put the cover on it, thus making a preparation for one count. To count the spermatozoa under the 1) Observations which were made at the same time as the counting of the number of the spermatozoa and which may serve to reveal the character of the atypical spermatozoa will be added here and there in the course of the description of the numerical ratio.
Jun-ichi Morita, Microscope (ocular piece K. 12, objective piece D, tube length 160 mm, all Zweiss-make) directly is uncertain owing to too ,great a number of the spermatozoa, unless the sperm solution is extremely diluted. I adopted therefore in most cases the indirect method of sketching first the • spermatozoa and then counting . the sketched ones. To this end I made sketch paper ( Fig. 2) with gratings (66 squares) corresponding to certain portions of the grated slide (400 squares).
To begin the count I chose in the grated slide under the microscope any portion corresponding to the grating of the sketch paper.
Usually I chose the upper right corner of the grated slide but sometimes another portion, e.g. the middle portion (darkened parts in the Fig 3) .
Sometimes both portions in one preparation are chosen, thus making two counts with one preparation. When the count is finished, the slide glass is washed and prepared for the next count. Direct method of count using only 66 squares or all 400 squares was adopted in exceptional cases when the sperm solution was too much diluted or the spermatozoa were scarce from the beginning. Thus I generally got eight counts for each individual though in some cases three to thirty two. The number of typical and atypical spermatozoa thus counted is then added separately. The ratio of the atypical to the typical spermatozoa of the individual is then obtained. What I was looking for was the ratio of atypical to typical, not the absolute number of both spermatozoa. Therefore, if the atypical and the typical spermatozoa are mingled ideally in constant ratio, only one count would suffice regardless of the volume of the sperm solution.
But to get an ideal solution of atypical and typical spermatozoa in constant ratio is quite impossible.
Therefore attention was paid to getting first a sperm solution with all parts of the testicular substance, second as homogenous a sperm solution as possible, third to repeat the count as many times as possible to diminish the error. To count a sufficient number of times is practically impossible, since to count once (ca. 50 spermatozoa) takes generally twenty minutes in Viviparus. Yet, counting eight times we get tolerably reliable results. The counting was done by myself and Mr. Tohoru Hayashi, a reliable assistant, the count being practically the same whether he did it or I ( Table I &. III). . If the count were made in one day, which would be quite impossible unless several persons were engaged, the scope of the distribution of the ratio would be smaller. This is suggested by the fact that the ratio is generally small and uniform on the first and second day and increases from the third day, becoming rather irregular, owing perhaps to the difference of the degree of precipitation between the atypical and the typical spermatozoa. So the range of distribution of the ratio from 190 to 300 may be taken as a rather extreme case. With animal groups, in which the number of the atypical spermatozoa is extremely small i.e. when the typical spermatozoa is relatively numerous, I adopted another method.
In the case of Strombus, the typical spermatozoa were counted only in the five squares which are doubly striated in the picture of the haemocytometer (Fig. 3) . The number thus got was multiplied with 80(4004-5=80) in order to compare with that of the atypi-cal spermatozoa counted in the total 400 squares of the haemoCytometer. In the case of Colitis, five groups of nine. squares each, marked with simple striation in the picture of the haemocytometer (Fig; 3) , were used for the counting of the typical 'spermatozoa, while all 400 aquares were used for the atypical. Thus the 'sumber of the typical. was multiplied with 8.9(4004-45=8.9) to compare with that of the atypical. The term " ratio " used everywhere in this work means the ratio of the atypical spermatozoa to one hundred of the typical.
Reviewing the tables iii the text, it must be borne in mind that even if the total number of the spermatozoa counted is small in proportion to the number: of the count, it does not necessarily mean that the testis contains a small quantity of spermatozoa. -Rather it depends in most eases on the degree of dilution of the sperm solution, dilute solution always giving a small number of spermatozoa. The quantity of spermatozoa depends generally on the . weight or size or color of the testis. As my aim is not to find the quantity of the spermatozoa, I omit usually the description of it.
C. Materials.
All the individuals of Viviparus were taken in Osaka except some few from Hokkaido. 'Specimens of Thiara were taken also in Osaka exclusively. Planaxis, Cerithium, Strombus, Tonna, Murex and Conus were taken at the Seto Marine Biological Laboratory in Wakayamaken.. Specimens of Fusinus 'were taken at the Amakusa Marine Biological Laboratory in Kumamotoken.
All materials were examined living, taken fresh from nature or after being kept for some time in laboratory. Generally testes were used, sometimes was deferens. Females were never used., • All the materials that I used, excepting Viviparus japOnicus iwakaw' a Pilsbry, V. bistricus Gould and Thiara (Semisulcospina) libertina Gould, were identified by , Dr. Iwao Taki of the Kyoto Imperial University. The three excepted species were identified by myself after consulting the Dobutsu-zukan. sions, short and long axis, when seen from the side of the animal dissected, the thickness being omitted, owing to its smallness. The length of the body is the straight length from the apex of the shell to the distal end of it. The body weight is measured after removing the shell and including the testis. In weighing the testis the was deferens is not included, of course.
Abbreviations: t-typical spermatozoa, ma-macro-atypical spermatozoa, mi- In any case , micro-atypical spermatozoa, td-rna+ mi-total number of the spermatozoa counted , ma+ mi -ratio of the atypical spermatozoa (macro -and micro-taken together) to one t (100) hundred of the typical.
As to the macro-and microatypical spermatozoa , see Morita (1931) .
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Jun-ichi Morita, J tin-ichi Morita, It is certain that there is no great difference of ratio between the different species. Thus, if we take all the species together, the ratio is from 20 to 940. If we take only fresh material (33 individuals)-animals kept in laboratory less than fifteen days being included-it ranges from 80 to 780. most of them (29 individuals) lying between 160-390. (Table IX) . Table IX .
Specimens of Viviparus taken from nature.
We are first struck by the fact that the ratio varies greatly according to the individuals even when they are of the same species and of approximately equal size.
Second, we can conceive the following things from the Table V-VIII. a). The ratio of atypical to typical is roughly in proportion to the ratio of the testis length to the body length or to the ratio of the testis weiaht to the body weight (Table VI. Fig. 5 ). The fact denotes that the relative size or the relative weight of the testis is to some degree dependent on the relative quantity of the atypical spermatozoa, the larger the quantity the larger being the size or the weight. b). Keeping the animal in an unnatural condition shows generally no effect on the ratio, if not too long i.e. less than two months (Table  VII) . c). When the animal was kept for more than two months in captivity during its period of spermatogenesis, which lasts from the beginning of April to the end of September in Osaka, the ratio changes in general.
It becomes generally small, i.e. the atypical becomes less than the typical (Table V Fig. 6 ). The examination shows that extremely young individuals (body length less than ca. 13 mm) have no spermatozoa.
In individuals with a body length of about 15 mm the spermatozoa are formed, but only the atypical. Next (body length ca. 16 mm) the typical spermatozoa begin to be produced, but at this period of the animal's development the number of the atypical is more than fifteen times that of the typical. When the animals reach about 18 mm of the body length the ratio becomes small, i.e. around 140. Hereafter the ratio may change several times as the animals increase in their length, but this point was not examined.
At any The latter possibility is favoured by the fact that : 1). when the animals are kept in an unfavourable condition during the period of their spermatogenesis, the ratio of the atypical to the typical decreases to a great degree ; 2). the ratio of time atypical to the typical is roughly in proportion to the ratio of the testis weight to the body weight or to the ratio of the testis length to the body length.
Change of ratio due to the season was not remarkable. The atypical spermatozoa are activated earlier and stop moving also earlier than the typical in an artificial medium i.e. they are less resistant than the typical. Yet they are more resistant than the atypicals of Planaxis, Thiara and " Cerithium " as I have described later. They are ultimately destroyed in the female genital duct, yet not so soon as might be expected from their structure.
2). Planaxis sulcatus Born (Table XII) . Five individuals were examined in August, four of which are recorded in Table XII , their size being almost the same (ca. 13-15 mm). Table XII . Planaxis sulcatus Born.
In 6 to 13 counts, 1438 spermatozoa (1297 typical : 141 atypical) were found with testes or was deferens.
The ratio of the atypical to the typical is very small (0 or 14).
Besides, it is as variable according to the individual as in the case of Viviparus (no spermatozoa, or only typical, or the ratio 14).
The shapes of the atypical and typical spermatozoa are quite like those. of " Cerithium " or Thiara (Fig. 7) . But in the materials that I examined, most of the atypical spermatozoa are abnormal in that the cytoplasma is scarce. The state of the testes does not thus seem to be so flourishing from the point of view of the spermatozoa. This is in accordance with the brownish color and the small volume of the testis or the indistinctness of the was deferens. This poorness. of the testis may be J un-ichi Morita, due to the fact that the season when I examined them was just immediately after the ejaculation of the sperm, the breeding season at Seto being generally in June. It may be interesting to add that in one individual of August which is not recorded in the Table, the atypical spermatozoa stops moving a few minutes after being taken out of the was deferens into the sea water, while the typical spermatozoa move actively and gather around the eggs of the same species.
3). Thiara (Semisulcospina) libertina Gould (Fig. 7 , Table  XIII) .
Twenty two individuals, some freshly caught and some from the laboratory, were examined from June to February of the next year. The ratio of the atypical to the typical is variable (0-100) according to the individual as in the case of Viviparus and Planaxis.
The ratio is generally small as in the case of Planaxis, the mode being 10-20 (JO individuals among -20). The difference of ratio according to the part used (testis or was deferens) is not remarkable. Captivity seems to produce individuals of poor testis (No. 6).
A plump and yellow coloured testis has generally abundant spermatozoa of both types, while a brownish and meagre testis has few. In the individuals of June to August we find many young spermatozoa (e.g, 51 adult : 23 young atypical in No. 2. i.e. 31% of the atypical are young). Thus it may be that, in Thiara also, the spermatogenesis occurs during summer time, as the ejaculation of the sperm takes place at the beginning of the summer (June).
As in the case of Viviparus the thought that the young individuals might have a large proportion of atypical compared with the typical was verified (Table XIV, Fig. 8 ). In young individuals (ca. 15 mm), the ratio is more than 50.
It is interesting to note that the atypical spermatozoa of Thiara is destroyed easily outside of the testis. I saw them in one, instance (No. 3) (Table XV) . Nine individuals of the summer season were examined.
They are almost of the same size (ca. 15-18 mm). The count was taken two to ten Table XV . " Cerithium " concisum bundle Dunker . times with testis or was deferens.
2191 spermatozoa (1687 typical : 504 atypical) were counted in all. The ratio of the atypical to the typical is variable (0-92) as in the case of Viviparus, Planaxis and Thiara . The ratio is generally small as in the case of Planaxis and Thiara, the mode being 10-20 (4 individuals among 9) and the arithmetic average 35. Difference of the ratio according to the difference of month or the difference of the Jun-ichi Morita, part used (testis or was deferens) is not remarkable. Testis and was deferens are plump in the specimens of June, but meagre in those of August. Shapes of the atypical and typical spermatozoa are deformed (experiment in June) outside of the testis or was deferens with reagents (e.g. dilute. acetic acid) as in the case of Planaxis or Thiara. h). " Cerithium " breviculum Sowerby (Table XVI) . Three individuals were examined in August.
The animals were almost of the same size (ca. 14 mm). 461 spermatozoa (212 typical : 249 atypical) were counted with testis and was deferens.
The arithmetic average of the ratio with two individuals is 150. The large percentage of the atypical to the typical in this species may be due to the Table  XVII) .
With testis and was deferens of seven individuals of the summer season were counted 3587( x 80) + 87( x 8,9) typical and 822 atypical spermatozoa, the number of counts being ten to forty-four in each individual. The ratio is generally strikingly small, the mode and the arithmetic average being 0.2 and 1.2 respectively. ° In one instance (No. 7) the ratio was 6.73. This animal might have been young. When we except this individual the ratio is quite uniform. . The difference . of .ratio according to month is not remarkable, nor the difference according to the part examined (testis or was deferens). 1) One individual with the ratio of infinity may have been extremely youhg. When the seminous fluid was taken out of the was deferens into the sea water, the typical spermatozoa gather round many points, their head centrally directed, thus forming innumerable groups (Fig. 10) . After one minute, the bundles of spermatozoa are dissolved. The manner in which the atypical spermatozoa move about among the typical is splendid. The panorama is as if several great men-of-war were marching among hundreds of small vessels, or more precisely, several large squids e.g. Sepioteutis swim about among the swarm of small animals which-)rush about at random in every direction. The velocity of the atypical , spermatozoa is 42 p per second at its maximum. The atypical spermatozoa are not destroyed so easily as in the case of Planoxis"Thiara and " Cerithium " . 6). Tonna luteostoma Kuest (Fig. 11 . Table XVIII) .
Only one individual (50 mm) was examined in June. 12 counts .were taken for testis and was deferens respectively. If the testis and was deferens were taken to- 7). Murex troscheli Lischke (Fig. 12, Table XVIII) .
Only one individual (ca. 130 mm of 11w body length) was examined in August. By counting 17 times, 436 spermatozoa (389 atypical against 47 typical) were found with, testis, the ratio being 830, i.e. the atypical exist more than eight times as much as the typical. This fact is interesting, because the individual was not so young (small) as might be expected from the ratio. In shape the atypical spermatozoa has bilateral synimetry, a small piece drawn aside the tail part of the atypical spepmatozoa in Fig. 12 showing a side view of that part. 8). Conti's. a). Conus cingulum (Martyn) 1784=C. quercinus Solander 1.7 8 6 (Fig. 13, Table XIX) .
One individual of ca. 130 mm of size was examined in August. In 30 counts (testis) 2865 ( x 8.9) typical and 173 atypical were counted, the ratio of the atypical to the typical being 0.67. b). Conus lividus Hwass.
(Taqle XIX). Testes of two individuals were examined in September. In one individual (No. 1, 4.1. mm) ten counts showed the ratio of the atypical (47 in number) to the typical (983( x 8.9) in number) to he 0,54. The ratio is like that found in Conus quercinus Solander.
With another individual an abnormally large ratio was found (700). This I strongly believe is due to the juvenility of the individual examined (27 mm). as there is no other conceivable reason for it. The atypical spermatozoa of this young individual were deformed while I was looking through the microscope. 9). Fusinus perplexus A. Adams (=minor Lischke).
( Fig. 14, Table XX ). Testes of two individuals were examined in January. With one individual, I got the ratio of 9.6 (13 atypical against 136 typical) in 4 counts. With the other I got the ratio of 2.8 (atypical against 796 typical) by counting seven times. The testes were full of spermatozoa in both individuals. The spermatozoa have bilateral symmetry. In shape they are like bamboo leaves.
E. Summary.
All the ratios shown in the previous chapter are summarised in Table XXI. On the number of animals examined, the number of counts and the number of the spermatozoa counted, depends the reliability of the ratios given. The larger the number the more reliable the ratio, of course. The season of examination and the length of the body (two extreme limits) are attached for reference.
The number of animals that I ex- ainined is not sufficient, yet we can conceive many important things as follows. a). Special conclusions. 1). In Viviparus, the atypical spermatozoa are generally twice or three times as numerous as the typical, although in some cases the atypical sinks to one fifth or rises to eight times-the typical in number. Thus the description of Meves that the atypical spermatozoa exist in the same quantity as the typical shows itself not to be sustainable.
In the young animals of small size (ca. 16 mm in V. chinensis malleatus Reeve), the atypical spermatozoa are at least fifteen times more numerous than the typical.
2). In Planaxis, Thira and " Cerithiutn ", the ratio of the atypical to the typical is generally 10-20 i.e. the number of the atypical is generally one tenth to one fifth of the typical, although in some cases they disappear completely or exist exclusively of the typical.
In young individuals (ca. 15 mm) of Thiara libertina Gould the atypical spermatozoa are more thaii 50 in their ratio to the typical.
3). Strombus shows generally 0.2 of the ratio of the atypical to the typical although I have one individual of ca. 7. 4). With only one individual we can not say much, yet I have two examples with a ratio of less than 6 for Tonna and more thaii 8O0 for Murex. 5). Colitis shows the ratio of less than 1 when we except one young individual which shows the ratio to be 700. 6). Fusinus has also a small ratio of ca 6. b). General considerations. 1). The ratio of the atypical to the typical is quite variable in the different groups of Prosobranchiata : Viviparus (and Murex) have the number of the atypical spermatozoa generally more than two times the typical, while with the Strombus and Conus the atypical are less thaii one hundredth of the typieM in number.
2). The ratio is also Yinite variable even in the same species according to the individuls, 'ranging, for example, from 20 to 940 in Viviparus histricus Gould. The ranges 0-92 of " Cerithium " concisum humile Dunker and 0--100 of Thiara libertina Gould may be added as examples of the variation.
3). The first step in the spermatogenesis of Prosobranchiata commences with the production of the atypical spermatozoa as, for example, in the case of Viviparus, Thiara and Conus. This fact, together with the decrease of the ratio of atypical to typical in the individuals kept ill laboratory during the period of their spermatogenesis, shows that the prodgction of atypical spermatozoa is dependent on the anenergesis of the animal. The ratio of atypical to typical increases when the animal is in the anenergetic condition, while it decreases in the katenergetic condition. Thus the fact stands against the physico-chemical degeneration hypothesis of Goldschinidt (1920), after which the atypical spermatozoa are to be produced in the senile testis. 4). Captivity changes generally the volume and weight of the testis as it affects of course the general metabolism of the animal. Here we have two cases : if the captivity was effected, during the period of the spermatogenesis-the ratio of the atypical to the typical decreases enomously i.e. the process of the production of the atypical spermatozoa is more affected than that of the typical, while if the captivity was effected, avoiding the period of the spermatogenesis, the ratio does not change, notwithstanding the fact that the volume and weight of the testis are diminished, thus showing that the atypical spermatozoa are not destroyed, when they are once formed, by the decrease of the metabolism caused by captivity (experiment in Viviparus).
5). The atypical spermatozoa of some species are easily destroyed while those of the other species are more resistant.
The degree of resistance is roughly proportional to the degree of differentiation in the structure of the spermatozoa, the less differentiated atypicals of Conus, Planaxis, Thiara and " Cerithium " being less resistant than those of the more differentiated of Paludina, Tonna, Murex, Fusinus and Strombus.
I may be permitted to express here my gratitude to those who aided me in one way or another in carrying out this work. Special thanks are due to Mr. To horu Hay a s h i, who has aided me in accomplishing the tedious counting with great patience, and Dr . I wao Taki who was always kind enough to comply with my request several times to identify the species. Thanks are due to Prof. ,Dr. Ran Oguma of the Hokkaido Imperial University, who was kiyid enough to send Viviparus from Hokkaido at my request and to Prof. Dr . Taku Kornai and Prof. Dr. Yo K. Okada of the Kyoto Imperial University , former and present directors of the Seto Marine Biological Laboratory, and to Dr. Hirosh i Oshima, Professor of the Kiushiu Imperial University and director of the Amakusa Marine Biological Laboratory for their granting my sojourn at these laboratories. And most of all I want to express my appreciation of the generosity shown by these laboratories in supplying me with materials. Table VI . In the ordiante are shown: in the upper part-the ratio of the atypical spermatozoa to one hundred of the typical ; in the middle part-the ratio of the testis weight to one hundred of the body weight of the individual , in the lower part-the ratio of the testis length to one hundred of the body length. Fig. 6 . A graph showing the relation between the body length and the ratio of the atypical spermatozoa to one hundred of the typical in the young individuals of Viviparus chinensis malleatus Reeve . Abscissa denotes the length and ordinate the ratio (cf. Table XI) . 
